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Studies  of animals  that  visit  primary  and  secondary  veterinary  centres  dominate  companion  animal
epidemiology.  Dogslife  is  a research  initiative  that  collects  data  directly  from  owners  about  the health
and  lifestyle  of  Kennel  Club  (KC)  registered  Labrador  Retrievers  (LR)  in  the  UK.  The  ultimate  aim  is  to  seek
associations  between  canine  lifestyle  and  health.  A  selection  of  data  from  Dogslife  regarding  the height,
weight  and  lifestyle  of  4307  LR  up to  four  years  of age  is  reported  here.
The majority  of the  dogs  were  household  pets,  living  with  at least  one  other  pet, in  families  or  house-
holds  with  more  than  one  adult.  The dogs  typically  ate  diets  of  dried  food  and  daily  meal  frequency
decreased  as  the  dogs  aged.  Working  dogs  spent  more  time  exercising  than  pets,  and  dogs  in Wales  and
Scotland  were  exercised  more  than  their  counterparts  in  England.  Dogs  in households  with  children  spent
less time  exercising  than  dogs  in other  types  of  households.  There  was  considerable  variation  in height
and  weight  measurements  indicative  of a highly  heterogeneous  population.  The  average  male  height  at
the shoulders  was  2–3 cm taller  than  the UK breed  standard.  Dog weights  continued  to increase  between
one  and  four  years  of  age.  Those  with  chocolate  coloured  coats  were  heavier  than  their yellow  and  black
counterparts.  Greater  dog  weight  was  also  associated  with  dogs  whose  owners  reported  restricting  their
dog’s exercise  due  to where  they  lived.
These ﬁndings  highlight  the  utility  of  wide  public  engagement  in  the collation  of phenotypic  measures,
providing  a unique  insight  into  the  physical  development  and  lifestyle  of  a cohort  of LRs.  In combination
with  concurrently  collected  data  on  the  health  of  the cohort,  phenotypic  data  from  the Dogslife  Project
will  contribute  to  understanding  the relationship  between  dog  lifestyle  and health.
©  2015  The  Authors.  Published  by Elsevier  B.V. This  is  an open  access  article  under  the  CC BY  license. Introduction
In human medicine, it has been well demonstrated that lifestyle
as health impacts, such as links between smoking tobacco and
ung cancer (Doll and Hill, 1950), or exercise levels and mortality
Irwin et al., 2011). Understanding how people live and seek-
ng associations between their lifestyle and health can facilitate
nvestigations of disease mechanisms, which in turn may  suggest
venues for intervention. Medical professionals are able to give
atients evidence-based guidance on how to best maintain their
ealth. By contrast in academic literature regarding canine health,
here is a paucity of the most basic lifestyle information; knowl-
dge about what is ‘normal’ for a dog in the UK is missing. Collecting
ifestyle information and linking lifestyle with health is an obvious
venue for future exploration.
The disease burden of dogs visiting veterinarians in the UK
s currently being assessed by two large-scale projects, SAVSNET
∗ Corresponding author. Fax: +44 0131 651 9105.
E-mail address: Carys.Pugh@roslin.ed.ac.uk (C.A. Pugh).
ttp://dx.doi.org/10.1016/j.prevetmed.2015.06.020
167-5877/© 2015 The Authors. Published by Elsevier B.V. This is an open access article u(http://creativecommons.org/licenses/by/4.0/).
(SAVSNET, 2014a) and VetCompass (VetCompass, 2014). Both have
automated the collection of electronic records directly from vet-
erinary practices and SAVSNET also collects diagnostic test results
from laboratory facilities. SAVSNET quoted the number of indi-
vidual pets involved in the project between September 2012 and
February 2014 to be over 89,000 (SAVSNET, 2014b) and the running
total on the VetCompass website in September 2014 (VetCompass,
2014) indicated that they had information relating to the veteri-
nary care of over 800,000 dogs. Both of these projects have great
scope to investigate disease in dogs seen at veterinary practices.
However, they cannot gather information about illnesses that do
not precipitate veterinary visitation and do not address the envi-
ronment dogs are kept in, nor other relevant data such as diet and
exercise regimes.
There is not just a lack of information regarding how dogs live,
but also about the dogs themselves. The morphology expected
of pedigree dogs is set out in the breed standards (The Kennel
Club, 2014a). Standards such as these have been used to show that
smaller breeds have greater longevity (Li et al., 1996; Adams et al.,
2010) but exhibit more behaviours that might be considered unde-
sirable (McGreevy et al., 2013). However, it is not known how many
nder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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edigree dogs actually meet the speciﬁed breed standard. If the
reed standard is an ideal rather than a reality, then a major input
f such analyses would not represent individual subjects, reducing
he chances of ﬁnding associations.
A more detailed understanding of dog lifestyle and morphology
ould facilitate future studies. Initial results regarding a cohort of
R will be reported here with the aim of initiating investigations
f the impact of lifestyle and morphology on dog health and well
eing.
. Materials and methods
The study was approved by the Veterinary Ethical Review Com-
ittee of the University of Edinburgh.
A detailed description of the recruitment process is available in
lements et al. (2013). To summarise, puppies were initially reg-
stered with the KC by the breeder, and buyers of these puppies
ould transfer the registration after purchase. Breeders and new
wners who transferred the registration of eligible dogs (born since
st January 2010) received an A5 ﬂyer about Dogslife with their
egistration information from the KC. There were two  nightly elec-
ronic ﬁle transfers from the KC to Dogslife: ﬁrstly a list of all newly
egistered dogs (their KC identiﬁer, sex, coat colour and date of
irth) and secondly the names of all new owners who transferred
heir dog’s registration (for example ‘Miss A. Smith’). If the owner
ave permission for their contact details to be shared, the sec-
nd ﬁle transfer included the owners’ email and/or postal address.
hese owners were then emailed and sent postcards by Dogslife,
s permitted, encouraging them to register via the project website
www.dogslife.ac.uk). Registration included giving basic informa-
ion about the household, and a questionnaire (©The University of
dinburgh) was subsequently used to gather information on dog
eight, weight, exercise levels, diet and health. Data collected up
o and including 31st December 2013 were used to describe the
rowth, health and lifestyles of LR up to the age of four years in the
K.
.1. Questionnaire detail
Participants were prompted to complete the online question-
aire every month for the ﬁrst year of their dogs’ lives and quarterly
hereafter. Individual questions are detailed in Appendix A. All
uestionnaire answers or ‘data entries’ were automatically date-
tamped. With the exception of dog weight, all questions required
n answer before the owner could continue through the question-
aire. However, if the owner chose ‘other’ from a drop-down list, a
ree-text box would be generated and this could be left blank.
Measurements taken by owners included the height of their dog
o the shoulder until the dog was 18 months of age (demonstrated
ia an online video). They were also asked to weigh their dog when
ossible, irrespective of age. Owners were asked to weigh their
ogs’ meals then report the average daily food intake in addition
o meal frequency and type of diet (for example ‘dried’ or ‘home-
repared’). Use of SI units in the UK is inconsistent so owners were
iven the option to enter a measurement and choose their pre-
erred units from a drop down box (centimeters (cm) or inches for
eight, kilograms (kg) or pounds for dog weight and grams (g) or
unces (oz) for food weight). Entries made in inches were automat-
cally multiplied by 2.54 and stored in cm.  Entries made in pounds
ere divided by 2.20 and stored in kg. Entries made in ounces were
ultiplied by 28.3 and stored in g.
The data collected in the ﬁrst 22 months of the project were val-
dated through a series of owner visits and sampling of veterinary
ecords (Pugh et al., 2015). Medicine 122 (2015) 426–435 427
2.2. Statistical analyses
Data were extracted from the Dogslife database using the
RMySQL package (James and DebRoy, 2012) and analyses were
undertaken using R 3.0.2 (R Core Team, 2013). Linear mixed mod-
els were built using the nlme package in R (Pinheiro et al., 2013).
Autocorrelation structures were used and owner and dog identi-
ties included as random terms to account for repeated measures.
Reported models had the lowest Akaike Information Criterion (AIC)
of all possible models, found using the MuMIN  package (Barton´,
2014). Assumptions of normality and homogeneity were checked
by visual inspections of plots of residuals against ﬁtted values.
2.3. Owner proﬁles
Associations were sought between different household charac-
teristics. Multiple Chi-squared tests were undertaken assessing, for
example, whether household type ‘retired’ and household types
‘not retired’ or household type ‘family’ and household types ‘not
family’ were associated with different types of pet ownership (tests
performed for all household types). Conservative Bonferroni cor-
rections were applied to account for multiple testing.
Household location details were captured as postcodes and
compared with available postcodes of eligible owners. Postcode
area recruitment rates were determined and plotted using map-
tools in R (Bivand and Lewin-Koh, 2015). Postcode areas comprise
the ﬁrst letter(s) from the postcode, for example, EH25 9RG and
G20 0SP would be in areas EH and G respectively.
2.4. Owner retention
Return intervals were examined and time to assumed loss from
the project was investigated with a Cox proportional hazards model
(Cox, 1972), using the survival package in R (Therneau, 2014). For
dogs under one year of age, this was considered to be two months
after their last questionnaire answer and for dogs over one year,
four months. After model ﬁtting, the proportional hazards assump-
tion was  tested. The percentages of dogs aged over one, two  and
three years that were retained within the project were reported.
2.5. Exercise
A weighted average of weekday (5/7) and weekend day (2/7)
exercise levels was  created. Total daily times spent exercising (TDE)
were generated by taking the midpoints of the relevant exercise
time categories (the ‘over 2 h’ category was  assumed to be ‘2–4 h’)
and summing. These times were square-root transformed (tTDE)
before further analysis. Univariable plots were created compar-
ing tTDE in different groups. A multivariable, linear mixed model
was built considering associations between tTDE and age, season,
dog purpose, household type, location and concurrently reported
exercise restrictions. Age was considered as both a continuous and
categorical predictor. Seasons were deﬁned as groups of three con-
secutive months with Winter comprising December, January and
February. In addition to the main effects model, biologically plau-
sible interactions between age and other factors were considered
in a more complex model.
2.6. Dog heights
Early explorations were undertaken of the raw, database-
recorded heights of the cohort as they aged (Fig. 1). There were
two distinct growth curves and it was hypothesised that the lower
curve, which was  approximately 2.5 times shorter than the main
curve, was  generated by owners who had taken measurements in
inches but reported them as cm.  It was  also thought possible that
428 C.A. Pugh et al. / Preventive Veterinary
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ome of the very high heights were measured in cm and reported
n inches.
A probabilistic model was used to estimate whether entries
ight have been made in the correct or incorrect units. Eqs. (1)–(3)
escribe the heights which were assumed to be normally dis-
ributed with a mean height that changed exponentially with age.
ach height would also ﬁt one of three classes: measured in cm
nd reported in inches, measured and reported in the same units,
easured in inches and reported in cm.
eight = N(, ) (1)
i = a
{
1 − e(−b(ageic))
}
× classi (2)
lass =
⎛
⎜⎜⎝
1
2.54
1
2.54
⎞
⎟⎟⎠ (3)
The model required Bayesian priors, shown in Eqs. (4)–(9).
arameter a is the mean full height of the dogs and was taken from
he UK KC breed standard for LR which was 55–56 cm for females
nd 56–57 cm for males (The Kennel Club, 2014a). Parameter b is
 proxy for growth rate. The height was growing half way closer
owards its maximum height, a, every ln2/b days. Parameter c is
n offset term that allowed the height to have a non-zero value
hen the pups were born. Parameter pi is the prior probability of
 measurement belonging to each different error class: i.e. esti-
ated 10% chance of being subject to each type of inches-cm error
nd 80% chance of having the correct units. Once identiﬁed, the
is-reported heights were corrected using a multiplier of 2.54 or
/2.54.
 = N(56, 0.01) (4)
 = Uniform(0,  1.5) (5)
 = Uniform(0,  100) (6)
 = Gamma(0.001,  0.001) (7)
d =
√
1

(8)
i = Dirichlet(0.1, 0.8, 0.1) (9)
The model was estimated under a Bayesian framework using thejags package (Plummer and Stukalov, 2014). Each sex was mod-
lled separately. One thousand iterations were used for adaptation
nd 2000 were discarded as ‘burn-in’. The ﬁnal model was based on
 further 5000 iterations and the mixing of the models was  checked Medicine 122 (2015) 426–435
to ensure that sufﬁcient iterations had been performed using the
coda package (Plummer et al., 2006).
2.7. Dog weights
Weights of dogs over one year were explored using a linear
mixed model. The focus of the model was on main effects but bio-
logically plausible interactions between age, sex, neuter status and
height were also assessed.
3. Results
3.1. Owner proﬁles
Between 1st January 2010 and 31st December 2013, 151,182
dogs were eligible to join Dogslife and names were passed to
Dogslife for 83,532 owners who transferred their dog’s registration.
Contact details were included for 50% (41,476/83,532) by email and
60% (50,109/83,532) by post; 62% (52,181/83,532) by at least one
method. Assuming, in the absence of exact data, that each regis-
tered dog was associated with a single owner, contact details were
available for the owners of just 35% of all eligible dogs.
The registered cohort comprised 4148 owners (7.9% of 52,181
contactable owners). Of those with titles that had clear gender deﬁ-
nitions, 76.7% were female compared to just 53.6% of the 83,532 KC
owners for whom names were available. Over 96% of Dogslife own-
ers registered just one dog with the project; 127 owners had two
dogs and a further 12 owners had registered three or more. Own-
ers reported that the majority of their households comprised either
families (45%; 1862/4148) or more than one adult (40%; 1673/4148)
but there were also retired households (6.6%; 273/4148), single
adults (5.3%; 218/4148) and some owners did not describe their
household (2.9%; 122/4148). Owners from retired households were
disproportionately more likely to give the project permission to
contact them by telephone (2 = 20.96 (1df), P < 0.001).
Location details were captured as postcodes and they break
down as follows: England (78%; 3227/4148), Scotland (14%;
591/4148), Wales (3.6%; 151/4148), Northern Ireland (NI) (1.5%;
63/4148), Isle of Mann (0.22%; 9/4148), Jersey (0.12%; 5/4148),
Guernsey (0.024%; 1/4148) and postcode not reported (2.4%;
101/4148). Fig. 2 shows UK-wide recruitment rates by postcode
area. The denominator is not all eligible owners but the 50,109 for
whom address details were available so the rates are overestimates.
Eighteen point two percent of Dogslife households included
somebody who smoked tobacco (95% CI: 17.0–19.5%). Tobacco
smoking prevalence for all individuals in the UK in 2013 was 19.1%
(95% CI: 18.3–20.1%) (Orchard and Ofﬁce for National Statistics,
2014). Households that did not report keeping any other pets
(41%; 1719/4148) were in the minority. A simpliﬁed description
of other pets kept in participating households is shown in Table 1.
Families were disproportionately less likely to have another dog
(2 = 13.7 (1df), P < 0.001) and disproportionately more likely to
have a cat (2 = 48.4 (1df), P < 0.001) compared to other house-
holds. By contrast, households comprising more than one adult
were disproportionately like to have no other pets (2 = 22.4 (1df),
P < 0.001).
The results of an investigation into factors associated with
assumed loss to the project are shown in Table 2. It should be noted
that return intervals were irregular and many owners assumed
to be lost were instead late. The maximum return interval was
nearly three years, considerably more than the one or three months
requested. Permission to contact owners by telephone and email
both signiﬁcantly improved the likelihood of those owners remain-
ing with the project. Irrespective of contact preferences, retired
households and those with another dog were disproportionately
C.A. Pugh et al. / Preventive Veterinary Medicine 122 (2015) 426–435 429
Table  1
The relationship between pet ownership and household type for participants in the Dogslife project. Households that reported owning another dog, cat, other pet or did not
report any pet (beyond their Dogslife registered dog), have been categorised by household type. Percentages are the percentage of each household type that reported having
that  type of pet. Individual households may  appear up to three times in the table as they may, for example, own  another dog, a cat and another pet.
Another dog (%) Cat (%) Otherc (%) Dogslife registered dog only (%)
Family 521 (28.0a) 507 (27.2b) 430 (23.1b) 613 (32.9a)
More  than one adult 564 (33.7b) 334 (20.0) 174 (10.4a) 767 (45.8b)
Retired  110 (40.3b) 41 (15.0) 9 (3.3a) 134 (49.1)
Single adult 84 (38.5) 36 (16.5) 24 (11.0) 92 (42.2)
Not  reported 5 (4.1a) 4 (3.3a) 4 (3.3a) 112 (91.8b)
Total  1284 (30.9) 922 (22.2) 641 (15.4) 1718 (41.0)
a 2 test performed with Bonferroni correction, negative association, P < 0.0025. For example, 28% (521 of 1862) of families reported having another dog compared with
33%  (763 of 2286) for all other household types combined.
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ith  30% (1174 of 3875) of all other household types combined.
c Other excludes dogs and cats but includes all other reported pets.
ore likely to stay with the project. By contrast, family households
ere more likely to be lost to the project. Dog purpose was  excluded
rom the ﬁnal model as with inclusion, the proportional hazards
ssumption was violated. However assistance dogs were routinely
ost at one year. They were typically guide dogs, registered by their
uppy walker. At one year the dogs would be returned to Guide
ogs for the Blind for further training and ofﬁcially leave Dogslife.
ountry location was not associated with loss to the project.
.2. Dog proﬁles
There were 4307 registered dogs comprising 2041 females
nd 2266 males. Their reported coat colours were black (49%;
121/4307), yellow (27%; 1167/4307), chocolate (21%; 898/4307),
ox red (2.2%; 96/4307), hailstone (0.023; 1/4307), other (0.35%;
5/4307) and not reported (0.21%; 9/4307). Their main pur-
oses were reported to be pets (68%; 2941/4307), working dogs
5.8%; 253/4307), assistance dogs (0.77%; 33/4307), multi-purpose
0.46%; 20/4307), show dogs (0.23%; 10/4307), breeding dogs
ig. 2. Map of Dogslife recruitment rates by postcode area. The denominator is
ot  all eligble owners but rather, all eligible owners for which postcode data were
vailable so the rates are over-estimates.ple, 40% (110 of 273) of retired households reported having another dog compared
(0.046%; 2/4307), other (0.56%; 24/4307) and not reported (24%;
1024/4307). The different reported purposes were disproportion-
ately split between different types of households (Table 3). Working
dogs were found disproportionately in households comprising
more than one adult when compared to other household types
(2 = 14.6 (1df), P < 0.001).
Completed questionnaires were available for 3249 of 4307 dogs,
relating to a total of 3098 dog years at risk. After the loss of
1058 dogs between registration and initial questionnaire comple-
tion, there was  ongoing loss to the project as the dogs aged. The
percentages still up to date after the dogs reached one, two  and
three years old were 44% (1432/3255), 35% (722/2093) and 29%
(235/822) respectively. These values increased to 60% (1432/2474),
43% (722/1692) and 36% (235/652) when the group of 1058 dogs
were excluded. The median age of recruitment was 92 days and the
time at risk is shown, split according to dog age, in Fig. 3.
3.3. NeuteringThe neutering age distribution was right-skewed and the
median ages were 282 days for males and 297 days for females
(ranges = 35–1349 days and 33–1077 days respectively). Just 913 of
Table 2
Results of Cox proportional hazards model assessing loss to the project.
Hazard ratio 95% CI P-value
eˇ Lower Upper
Household types
Family 1
More than one adult 0.77 0.71 0.83 <0.001
Retired 0.47 0.4 0.56 <0.001
Single adult 0.81 0.69 0.95 0.01
Not  reported 1.14 0.51 2.54 0.75
Smoking status
Non-smokers 1
Smokers 1.21 1.11 1.33 <0.001
Not  reported 0.39 0.13 1.17 0.09
Postcode
Full  postcode 1
First half only 0.68 0.17 2.62 0.57
Not  reported 3.8 1.76 8.23 <0.001
Communications
No  telephone contact 1
Telephone contact 0.55 0.51 0.59 <0.001
No  email contact 1
Email contact 0.44 0.39 0.51 <0.001
No  newsletter subscription 1
Newsletter subscription 1.3 1.18 1.44 <0.001
Other household pets
No other dog 1
Another dog 0.83 0.77 0.9 <0.001
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Table 3
The numbers of each type of dog purpose reported by owners from different household types.
Family More than one adult Retired Single adult Not reported
Household peta 1288 1231 205 153 64a,c
Working doga 84a,c 132a,d 21 9 7
Assistance dogb 8 11 10b,d 3 1
Multi-purposeb 7 9 2 2 0
Show  dog 3 4 0 3 0
Breeding dog 1 1 0 0 0
Otherb 8 8 2 4 2
Not  reporteda 515a,d 350a,c 47a,c 61 51a,d
Total 1914 1746 287 235 125
a 2 tests performed with Bonferroni correction. For example, 84 of 1914 dogs in families were working dogs compared with 169 of 2393 in other household types. Due
to  low numbers in many categories, only household pet, working dog and purpose not reported categories were assessed for associations.
b Fisher’s exact tests performed with Bonferroni correction. For example, 8 of 1914 dogs in families were assistance dogs compared with 25 of 2393 in other household
types.  Due to very low numbers, show and breeding dog categories were not considered.
c Negative association, P < 0.003.
d Positive association, P < 0.003.
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249 dogs were reported to have been neutered giving a neutered
opulation of 28.1% of the cohort. However, loss to follow-up
ppeared to be affecting the denominator value as only 2191 own-
rs completed a questionnaire when their dog was aged six months
r over. Fig. 4 shows the cumulative neutering rates for dogs whose
wners answered the neutering question at different ages. The
eutered proportion gradually increased with age because more
0.0
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0.6
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n = 2,191
1 year
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18 months
n = 1,039
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n = 765
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n = 282
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ig. 4. Cumulative neutering rates (with 95% CI) for cohort members that had associ-
ted data entries after each given age. For example, owners of 1039 dogs completed
 questionnaire when their dog was aged over 18 months.were neutered and fewer were still in the project, contributing to
the denominator.
3.4. Diet
Dietary data were collected for 3097 dogs, of which 2291 dogs
had more than one report. The types of food were dried (80%;
12,124/15,219), a mixture of dried and wet (13%; 2005/15,219),
raw (1.9%; 291/15,219), home prepared (1.1%; 171/15,219), wet
(1.1%; 165/15,219) and other (3.0%; 463/15,219). The majority of
dogs (1642 of 2291) did not have varying diet types; 1503 eating a
consistent diet of dried food. The daily feeding frequency decreased
as the dogs aged and settled at twice daily for most dogs at between
six and nine months (Fig. 5).
3.5. Sleeping locations
Sleeping location data relating to 3251 dogs were divided as fol-
lows: indoors alone (55%; 9102/16,461), indoors with a person (and
possibly another pet) (21%; 3499/16,461), indoors with another pet
only (19%; 3156/16,461), and outside (possibly with another pet)
(4.3%; 704/16,461). Of the dogs that had more than one question-
naire answered, 76.2% (95% CI: 74.0–78.3%) did not change their
sleeping location.
Typically, dogs were not reported to sleep outside all of the time.
There were yearly peaks in dogs sleeping outside in August 2011
and 2012 and July 2013. Dogs that slept outside at least once (5.1%;
166/3251) were disproportionately found in NI (Fisher’s exact test:
Fig. 5. The proportion of dogs of each age group that ate at different frequencies
daily. A dog of precisely three months of age would lie in the 3–6 months category.
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dds ratio = 4.2, P = 4.9e-04) and much more likely to be working
ogs (Fisher’s exact test: odds ratio = 163.23, P < 2.2e-16).
.6. Exercise
Exercise data were collected for 3225 dogs, comprising 16,328
eports. The times spent on each exercise category were strongly
ight-skewed so Fig. 6 is cropped to show boxplots of the interquar-
ile range (IQR) rather than the complete distribution. The majority
f exercise time was spent ‘off lead’ and doing ‘other’ activities.
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The mean TDE was  157.5 min, the median was 128.7 min and
the IQR was 84.4–200.9 min. In univariable analyses, country, dog
purpose, exercise restrictions and household type were all asso-
ciated with different amounts of tTDE (Fig. 7); time of year was
not. However season was associated with tTDE in the multivariable
model with the maximum amount of time spent exercising occur-
ring in spring. The ﬁxed effects of the multivariable model which
excluded interaction terms are presented in Table 4. The random
effect of ownership had an intercept standard deviation of 3.66 and
the dog effect nested within the owner effect had an intercept stan-
dard deviation of 0.42. The correlation structure was  autoregressive
of order 1, with  = 0.359. Age was  not linearly related with exer-
cise levels so the model included a categorical age measure. Dogs
in families spent less time exercising than dogs in households with
single adults or more than one adult and dogs in Wales and Scotland
exercised more than those in England.
On examining models including interaction terms we identiﬁed
a statistically signiﬁcant effect that working dogs over six months
of age spent more time exercising than household pets and the
difference increased in dogs over one year. The results refer to tTDE
and the increases were 0.49 and 0.68 min  (approximately 4% and
6%), P = 0.03 and 0.009, for dogs aged between six months and one
year and over one year respectively.
3.7. Dog heightsExtreme heights such as zero or one were excluded before mod-
elling which resulted in the complete removal of some dogs. The
model results, based on 3180 of 3249 dogs and 12,479 heights,
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rs were generated from square root transformed data then re-squared for ease of
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Table 4
Fixed parameters of model of square-root transformed total daily time spent exercising.
Value 95% CI P-value
Lower Upper
Intercept 11.02 10.8 11.24 <0.001
Age  category
Under 6 months 0
6 months – less than 1 year 1.36 1.24 1.48 <0.001
1  year and over 1.9 1.76 2.04 <0.001
Season
Spring 0
Summer −0.1 −0.21 0.02 0.1
Autumn −0.13 −0.25 −0.01 0.03
Winter −0.18 −0.3 −0.07 1.50E-03
Dog purpose
Household pet 0
Working dogs 0.3 −0.15 0.7 0.21
Breed, show, multi-purpose dogs 0.61 −0.41 1.64 0.24
Assistance dogs 0.73 −0.39 1.85 0.2
Other  purpose −0.96 −2.33 0.42 0.17
Location
England 0
Wales 1.12 0.49 1.74 <0.001
Scotland 0.37 0.05 0.7 0.02
Northern Ireland 0.47 −0.49 1.42 0.34
Isle  of Man  1.16 −1.12 3.44 0.32
Jersey  −0.68 −4.62 3.27 0.74
Guernsey −2.18 −8.98 4.61 0.53
Location not reported −0.02 −1.59 1.56 0.98
Household type
Family 0
More than one adult 0.47 0.22 0.72 <0.001
Single  adult 0.72 0.19 1.25 7.60E-03
Retired −0.21 −0.66 0.23 0.35
Household type not reported 1.09 −0.21 2.39 0.1
Exercise restrictions
None 0
Dog problem −4.3 −4.56 −4.04 <0.001
Recommended by breeder −1.08 −1.21 −0.95 <0.001
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tion of 3.01 and the dog effect nested within the owner effect had an
intercept standard deviation of 1.50. The correlation structure was
autoregressive of order 1, with  = 0.686, indicating a high degree
of autocorrelation.Owner ability −0.83 
Time  restrictions −0.54 
Location −0.6 
re shown in Table 5. It was estimated that 470 heights had been
eported in the wrong units. The maximum height for each sex
parameter a) would theoretically only be reached at an inﬁnite
ge but the mean heights at 18 months were similar at 55.1 cm for
emales and 58.9 cm for males. The mean male height was 2–3 cm
igher than the UK breed standard (The Kennel Club, 2014a) and
here was wide variation in heights to the shoulder (sd = 4.67 and
.01 cm for females and males respectively). Of all measurements
f males over one year, only 12.9% (95% CI: 10.5–15.7%) met  the
reed standard. Even for females, whose average height ﬁtted the
K standard, only 20.5% (95% CI: 17.6–23.6%) of measurements
et  the standard. The corrected data are shown in Fig. 8 with the
odelled growth curves for males and females..8. Dog weights
The dog weight model was based on 1049 dogs, 1016 own-
rs and 4260 weights. The ﬁxed effects parameters are shown in
able 5
eight model parameters.
Variable Female (95% CI) Male (95% CI)
a 55.1 (54.9–55.4) cm 59.0 (58.7–59.2) cm
b  0.0132 (0.0128–0.0137) 0.0126 (0.0122–0.0131)
c  7.03 (4.43–9.63) days 9.37 (6.77–11.9) days
sd  4.67 (4.59–4.76) cm 5.01 (4.92–5.10) cm1.18 −0.48 <0.001
0.72 −0.36 <0.001
1.16 −0.03 0.04
Table 6. None of the tested interaction terms improved the model.
The random effect of ownership had an intercept standard devia-Fig. 8. Dog heights corrected for assumed unit errors. Modelled growth curves are
shown with 95% credible intervals for males (dotted) and females (dashed). The
credible intervals are so close to the modelled growth curve that they appear to
overlie them.
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Table  6
Fixed parameters of dog weight model (dogs of one year and over).
Value 95% CI P-value
Lower Upper
Intercept 18.4 16.8 19.9 <0.001
Dog  age (years) 0.89 0.76 1.02 <0.001
Height2 (cm) 2.20E-03 1.80E-03 2.70E-03 <0.001
Neuter status
Entire 0
Neutered −0.12 −0.37 0.13 0.34
Coat  coloura
Black 0
Chocolate 1.39 0.78 2 <0.001
Fox  red −0.84 −2.46 0.77 0.32
Yellow 0.19 −0.35 0.73 0.5
Dog  sex
Female 0
Male 3.65 3.15 4.16 <0.001
Dog  purpose
Pet 0
Working dog −2.13 −3.01 −1.25 <0.001
Otherb 2.49 0.75 4.24 9.60E-03
Owner smoking status
Non-smoker 0
Smoker 1.09 0.41 1.77 1.70E-03
Not  reported −1.4 −3.49 0.69 0.19
Other pets
No other dog 0
Another dog −0.48 −0.99 0.03 0.07
Daily  time spent exercising (h)
Fetching, chasing and retrieving −0.22 −0.35 −0.08 1.70E-03
Other −0.09 −0.18 8.20E-03 0.07
Exercise restrictions
None 0
Owner location 0.95 0.33 1.57 2.80E-03
Owner ability 0.25 −0.13 0.63 0.2
Dog  problem −0.02 −0.34 0.3 0.89
As  recommended by breeder 0.04 −0.18 0.25 0.74
Owner time −0.19 −0.41 0.02 0.08
Daily  food quantity (g) 5.70E-04 9.90E-05 1.10E-03 0.02
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wa The hailstone dog was  treated as black and the KC registered colours were used
b Other dog purpose included show, breeding, multi-purpose and all ‘other’ dogs
The total time spent exercising was not associated with dog
eight but working dogs, a group that typically spent more time
xercising than pets, were more than 2 kg lighter than pets. The
ean weight of a two-year-old Dogslife LR was  26.8 kg for females
nd 31.6 kg for males. Both measurements ﬁt within the suggested
eight range for adults of the breed of 25–34 kg (Alderton and
organ, 1993).
. Discussion
Engaging thousands of dog owners in the Dogslife project has
enerated a wealth of data that begin to address knowledge gaps
egarding UK LRs and their lifestyles. In order to generalise from
he cohort, these data must be considered in the context of poten-
ial selection bias. Dogslife owners were disproportionately likely
o be female. Males are often under-represented in surveys, for
xample Søgaard et al. (2004), so this imbalance is not atypical
f a study whose participants were self-selecting. Reassuringly,
ogslife members were geographically distributed in proportion
o LR KC registrations for whom address details were available
nd Dogslife household smoking rates were comparable to that
eported for individuals in the UK. There was  little evidence in
erms of demographic factors that the recruited Dogslife cohort
ere unrepresentative of LR owners in the UK.ose that were unreported or reported as ‘other’.
tance dogs were excluded because they typically left the project at one year.
Retention bias was potentially more problematic as owners
were being disproportionately lost to the project and dog age was
correlated with many of the lifestyle factors. People who described
their households as ‘families’ or whose household included a
tobacco smoker were more likely to be lost to follow-up (Table 2).
By contrast, retired households and those including another dog
were more likely to be retained. Indeed, these two  factors were
themselves positively correlated within the cohort. In their exami-
nation of biases in a Spanish cohort study, Alonso et al. (2006) found
a similarly increased risk of loss with regard to tobacco smokers and
also that older people were more likely to be retained. With regard
to the excess loss of families, it is possible that time constraints
were a contributing factor because families were also a group who
spent less total time exercising their dogs.
Of the data reported in this publication, the proportions
neutered were likely to be the only measures that might be
adversely affected by retention bias. For dogs whose owners ever
answered the neutering question, just 28.1% of dogs were appar-
ently neutered, but the denominator includes many dogs whose
owners were effectively lost to the project before their dogs were
old enough to be neutered. One would expect the prevalence of
neutered dogs in the cohort to increase with age, as shown in Fig. 4,
and the prevalence of neutering in Dogslife registered dogs over
three years of age reached 0.67 for females and 0.55 for males.
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hese values are considerably higher than 0.41 which was  reported
n recent work using the veterinary records of 148,741 dogs in the
K (O’Neill et al., 2014). This may  reﬂect the differences between
ogslife’s population of KC registered pedigree dogs and the more
ixed group examined by O’Neill et al. but may  also indicate that
wners who neuter their dogs were more likely to remain in the
ogslife study.
In terms of lifestyle factors, there was considerable homogeneity
n the cohort. The majority ate dried food and slept alone. Individual
ogs typically did not change diet type but the number of meals
er day decreased as the dogs aged. The sleeping location reports
ighlighted a potential cultural difference between NI and the rest
f the UK, with a higher proportion of dogs in NI sleeping outside
t least once. NI had a similar mean temperature to both England
nd Wales in 2013 but had fewer hours of sunshine and more rain
Met  Ofﬁce, 2014) so this was unlikely to be associated with better
limatic conditions. The association was found irrespective of dog
urpose. From a human perspective, it was interesting that over
0% of reports involved the dog sleeping in the same room as a
erson. Sensitisation to inhaled dog allergens is one of the major
isk factors for asthma (Custovic and Simpson, 2012) so this may
ave implications for the health of the owners.
Multiple factors were associated with the total daily time spent
xercising. The exercise times of breeding, showing and multi-
urpose dogs, and those located in Jersey, Guernsey and the Isle of
ann were based on too few dogs to draw sensible conclusions. Of
he four largest regional contributors to the cohort, dogs in Eng-
and spent less time exercising than dogs in Wales or Scotland.
nsurprisingly, working dogs spent more time exercising than pets
nd dogs whose owners reported that their exercise was  restricted
pent less time exercising than those whose exercise was unre-
tricted. The clearest difference was for dogs that had a problem,
ut owners that followed breeder recommendations also spent less
ime exercising their dogs. This latter type of exercise restriction
as associated with younger dogs (unpublished results); younger
ogs speciﬁcally spent less time ‘off lead’ and ‘fetching, chasing and
etrieving’. It could be hypothesised that the young dogs were still
earning to return to their owners when unrestricted or that breed-
rs advised limiting exercise while the dogs were young because of
erceived deleterious effects on musculoskeletal health. Such per-
eptions can be exempliﬁed by advice from the Kennel Club (The
ennel Club, 2014b).
.1. Dog weights
Nearly 30 years ago, LR were identiﬁed as the most likely breed
o be overweight in the UK vet visiting dog population (Edney and
mith, 1986) and it is of concern that the average weight of the
ohort continued to increase, approximately linearly, at 0.89 kg
er year between one and four years of age. Whilst it is not pos-
ible to extrapolate beyond the age range of the data, if weight
ontinues to increase markedly with age, an expanding propor-
ion of the cohort will become subject to the health consequences
f obesity. For example, it has been demonstrated in Elkhounds
hat there is an association between dogs that were overweight
hroughout their lives and diabetes mellitus (Wejdmark et al., 2011)
nd in LR, there is an association between higher body weight and
ncreased prevalence and severity of hip dysplasia (Smith et al.,
006).
The weight model included some surprising results such as
hocolate coloured LR being, on average, 1.39 kg heavier than
heir yellow and black counterparts and neutering apparently hav-
ng minimal effect. A closer look at the weights associated with
eutered and entire dogs indicated that only after the dogs reached
hree years of age did the weights of neutered dogs become greater Medicine 122 (2015) 426–435
than that of entire dogs and that there were not enough dogs of this
age to affect the model parameters.
4.2. Dog heights
In 2008, Sutter et al. collected measurements for 1155 dogs
including 14 LR and assessed the percentage of those measured
that met  the American KC (AKC) breed standards (American Kennel
Club, 2014). It was  concluded that the AKC breed standards were a
good proxy for height at the shoulder. There is greater allowance
for variation in the AKC standard for LR (5.08 cm for each sex in the
USA compared to 1 cm for each sex in the UK) but there was also
potential for bias in their study. The majority of their sample com-
prised dogs that had been entered in conformational competitions
whereas few of the Dogslife cohort were show dogs. The issue of
incorrect measurement or reporting must be considered with all
Dogslife data (the height unit error being an obvious example) but
visits to a sample of the cohort found no systematic bias to owner
height measurements (unpublished results). Therefore whilst indi-
vidual measurements might be treated with caution, the model
parameters should be a good guide to the heights of the population.
Breed standard heights have been used as group phenotypes in
studies as proxies for dog size. It is undoubtedly convenient and
minimises the time and expense of data collection from individual
dogs. However, the Dogslife results suggest two  things: ﬁrstly that
the breed standard does not necessarily reﬂect the average height
for a breed and secondly, that even if it does represent the average,
the variability of morphologies might mean that this average poorly
reﬂects many individuals real morphologies. Under these circum-
stances, using the breed standard may  not be appropriate and might
limit the ability of investigators to ﬁnd true effects. Studies, such
as that by Frischknecht et al., (2013), that use individual dog mea-
surements to characterise a phenotype, should have more scope to
identify complex patterns. In that instance, it was  possible to ﬁnd
potentially causative mutations associated with dwarﬁsm in LR.
5. Conclusion
The morphological detail and lifestyle information collected by
the Dogslife project offer a unique insight into the lives of pedigree
LRs in the UK. These ﬁndings set a baseline for further analysis of
the relationship between dog morphology, lifestyle and health. It is
hoped that Dogslife will contribute to an evidence-based approach
to healthy dog aging.
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